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ABSTRACT	  
	   	   	   	   	   	   	   	  Phage	  display	  is	  a	  compelling	  technique	  of	  synthe;c	  
binding	   protein	   engineering	   which	   allows	   for	   a	   ﬁrm	  
genotype-­‐phenotype	   linkage	   which	   can	   be	   applied	   to	  
selec;on	   and	   evolu;on	   of	   engineered	   binding	   protein	  
scaﬀolds.	   Muta;ons	   can	   be	   made	   to	   the	   pVIII	   protein	  
providing	   capability	   to	   signiﬁcantly	   increase	   the	   surface	  
display	   of	   large	   proteins	   on	   a	   phage	  par;cle	   (1)	   .	   Random	  
and	   ra;onal	  mutagenesis	   of	   the	  major	   coat	   protein,	   pVIII,	  
was	  performed	  on	  the	  ﬁrst	  30	  residues	  in	  10-­‐mer	  segments.	  
The	   array	   of	  muta;ons	   imbedded	   into	   the	  wild	   type	   pVIII	  
was	   mass	   produced	   to	   construct	   a	   phage	   display	   library.	  
Promising	   mutants	   will	   selected	   by	   the	   screening	   of	   avid	  
ac;vity	  by	  ELISA	  selec;on.	  The	  eﬀec;ve	  clones	  were	  paired	  
with	  DNA	  from	  the	  ﬁbronec;n	  Gr2	  library,	  and	  captured	  on	  
ELISA	  plates	   by	   binding	   interac;on	  with	   hen	   egg	   lysozyme	  
for	   quan;ﬁca;on	   by	   plate	   reader.	   	   Ini;al	   experiments	  
yielded	   no	   avid	   clones,	   but	   this	   is	   likely	   due	   to	   the	   weak	  
aﬃnity	   of	   the	   ﬁrst	   Fn	   chosen	   for	   capture	   ELISA	   in	   these	  
experiments.	  Adjustments	  were	  made	  and	  are	  being	  tested	  
to	  discover	  pVIII	  clones	  with	  avid	  func;onality.	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  Wild	  type	  pVIII	  was	   	  constructed	  with	  assembly	  PCR.	  
Muta;ons	   were	   implemented	   	   through	   introduc;on	   of	  
mutagenic	  degenerate	  oligonucleo;des	  and	  introduced	  into	  a	  
phage	  display	  vector	  containing	  low	  aﬃnity	  lysozyme-­‐binding	  
ﬁbronec;n	   (Fn)	   clones	   (2)	   .	   The	   Fn-­‐pVIII	   fusion	   	   mutant	  
libraries	   were	   transformed	   into	   XL1-­‐Blue	   E.	   Coli,	   along	   with	  
helper	  phage	  to	  mass	  produce	  phage	  libraries.	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  Phage	  libraries	  with	  mutant	  expression	  were	  sorted	  
by	  ELISA	  plate	  for	  detec;on	  of	  avid	  ac;vity.	  Promising	  clones	  
were	   taken	   through	   ELISA	   screening	   in	   comparison	   to	   naïve	  
Fn	   clones	   for	   quan;ﬁca;on.	   In	   future	   studies	   the	   clones	  
expressing	   favorable	   avidity	   will	   be	   u;lized	   for	   detec;on	   of	  
target	  interac;ons	  on	  tumor	  cell	  lines.	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  Muta;ons	  into	  the	  ﬁrst	  30	  residues	  of	  pVIII	  in	  10-­‐mer	  
segments	   were	   readily	   accepted	   (Figure	   1).	   	   Ini;al	   selec;ons	  
from	  the	  pVIII	  libraries	  using	  a	  very	  weakly	  lysozyme-­‐binding	  Fn	  
clone	   did	   not	   yield	   ini;al	   hits	   from	   any	   library.	   	   It	   is	   our	  
hypothesis	  that	  this	  Fn	  clone	  was	  not	  a	  strong	  enough	  binder	  to	  
be	   recovered,	   even	   with	   avid	   interac;on.	   	   To	   remedy	   this,	  
several	  new	  Fn	  clones	  from	  the	  Gr2	  library	  were	  tested	  by	  ELISA	  
to	  ﬁnd	  a	   ligand	  for	  use	   in	  these	  studies.	   	  Two	  rounds	  of	  ELISA	  
binding	  experiments	  were	  carried	  out	   to	  assess	  binding	  ability	  
and	  several	  clones	  were	  brought	  forward	  as	  candidates	  (Figures	  
2	  and	  3).	   	  The	  future	  pVIII	  clone	  selec;on	  experiment	  has	  also	  
been	   op;mized	   for	   beber	   detec;on	   of	   avid	   binding	  
interac;ons.	   	  These	  avid	  binding	  interac;ons	  will	  be	  extremely	  
important	   in	   later	   experiments	   with	   applica;ons	   to	   cancer	  
biomarker	  discovery	  
	  
1 2
A 0.084 -0.066
B 0.66 -0.08
C 1.426 0.132
D 0.312 0.008
E -0.021 0.605
F 1.752 0.013
G 0.282 0.02
H 0.134 3.243
Figure	  1:	  Muta;ons	  were	  made	  to	  the	  ﬁrst	  30	  residues	  of	  wild	  type	  pVIII	  in	  
successive	  10-­‐mer	  segments.	  An	  overlay	  of	  three	  mutant	  library	  clones	  shows	  
muta;ons	  were	  successful.	  	  	  	  
Diagram	  1:	  General	  
diagram	  of	  cell	  panning	  
shows	  how	  mul;valent	  
expression	  of	  pVIII-­‐
fusion	  protein	  avidly	  
interact	  with	  target	  
an;gen.	  	  
Figure	  3:	  	  0.3b	  sub-­‐library	  clones	  were	  selected	  by	  ELISA	  sor;ng	  and	  quan;ﬁed	  by	  
ﬂuorescent	  plate	  reader.	  Signals	  from	  posi;ve	  an;gen	  wells	  were	  normalized	  to	  
background	  with	  nega;ve	  an;gen	  wells.	  Normalized	  signals	  less	  than	  1	  but	  greater	  
than	  0	  (light	  green)	  were	  brought	  through	  another	  round	  of	  selec;on.	  	  	  
Figure	  4:	  Clones	  of	  interest	  
selected	  in	  Figure	  2	  were	  taken	  
through	  a	  second	  round	  of	  ELISA	  
screening.	  When	  normalized	  over	  
background,	  clones	  1B,	  IC,	  ID,	  2C	  
and	  2E	  were	  sequenced.	  Red	  is	  
two	  nega;ve	  (pAKDM	  RDG	  [F2],	  
L0.7.1	  [G2])	  and	  one	  posi;ve	  
control	  (GaL	  0.3b.4	  [H2])	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